Ivabradine hydrochloride, 3-\[3-({\[(7S)-3,4-dimethoxybicyclo\[4.2.0\]octa-1,3,5-trien-7 yl\]methyl}methylamino)propyl\]-1,3,4,5-tetrahydro-7,8-dimethoxy-2H-3-benzazepin-2-one hydrochloride is a new bradycardiac agent. Its activity is a result of a direct effect on the sinus node, reducing the slope of the spontaneous diastolic depolarization. It is a selective sinus node I~f~ inhibitor used in the treatment of angina pectoris in patients unable to take beta blockers\[[@ref1]--[@ref5]\]. Literature survey revealed that, analytical methods like LC with fluorescence detector and LC with tandem mass spectrometric detector for determination of ivabradine in biological samples were reported\[[@ref6]--[@ref9]\]. However, till date no assay procedure has been reported for the determination of this drug in bulk and pharmaceutical formulations. Hence there is a need to develop a simple assay procedure for the determination of this drug in tablet formulations. Owing to the wide spread use of HPLC in routine analysis, it is important that well validated HPLC method has to be developed for estimating ivabradine hydrochloride. The aim of this study is development of a simple, precise, rapid and accurate reverse phase HPLC method for estimation of ivabradine hydrochloride in pharmaceutical formulations as per ICH guidelines which is easily adaptable as a routine in quality testing laboratories in industry and academic institutes\[[@ref10]\].

The pure sample of ivabradine hydrochloride used in the development of this analytical method was gifted by Ind-Swift Labs, Jammu, India. Methanol and water were of HPLC grade (Merck India Ltd., Mumbai, india). All other reagents were of AR grade and were purchased from Merck Chemicals, India. Commercially available Ivabrad and Inapure tablets, claimed to contain 7.5 mg and 5 mg ivabradine, respectively were procured from local Pharmacy.

An isocratic HPLC with two Waters 515 HPLC pump, Waters Inline Degasser AF, 717 plus Auto sampler, 2998 PDA Detector and RP C18 Column (SS Wakosil C18AR, 250×4.6 mm, packed with 5 μm particle size) was used. The HPLC system was equipped with Empower software. For HPLC, the mobile phase used was a mixture of methanol and phosphate buffer (pH 6.5) in the ratio of 60:40 v/v; it was filtered before use through a 0.22 μm membrane filter in a Millipore filtration assembly and pumped from the respective solvent reservoirs to the column at a flow rate of 0.8 ml/min. The run time was set at 10 min and column was maintained at ambient temperature. The volume of injection is 10 μl. Prior to the injection of drug solutions, the column was equilibrated for at least 30 min with the mobile phase flowing through the system. The eluent was monitored at 285 nm and data acquired was stored and analyzed with the software.

A standard stock solution of ivabradine hydrochloride (1 mg/ml) was prepared in HPLC grade water. To study the linearity range of the drug, serial dilutions were made from standard stock solution in the range of 30-210 μg/ml with HPLC grade water. Each of these drug solutions (10 μl) was injected, into the HPLC system to obtain the chromatogram. From these, the area under the peak of the drug was noted and the data of peak area plotted against the corresponding concentrations were treated by linear least--square regression analysis.

For intraday assay precision, the sample injection and measurement of peak areas were carried out 3 times with in a day by using three different concentrations of 90, 120 and 150 μg/mland were expressed in terms of % RSD. For interday assay precision, the sample injection and measurement of peak areas were carried out 3 times for 3 days by using the same concentrations as that of intra day assay precision, and were expressed in terms of % RSD. By introducing slight changes in organic phase of mobile phase composition (±2 %), pH (±0.2), flow rate (±0.1 ml/min) and the wavelength (±1 nm), the effects of the results were examined.

Recovery studies was confirmed by standard addition method and were carried out by applying the method to pre analyzed samples to which known amount of standard drug corresponding to 12, 24 and 36 μg/ml was spiked. At each level of the amount, three determinations were performed. This was done to check for the recovery of the drug at different levels in the formulations.

Lactose, talc, starch, magnesium stearate and microcrystalline cellulose were added as excipients to three different concentrations of 90, 120 and 150 μg/ml of standard ivabradine hydrochloride solutions and analyzed by the proposed method. Paired t-Test was applied to compare the results.

After equilibration of column with mobile phase, the chromatograms were recorded and peak response i.e., peak area was measured for a concentration of 120 μg/ml. Other parameters like tailing factor, capacity factor, number of theoretical plates were calculated and compared with standard values.

Twenty tablets containing Ivabradine hydrochloride as the active ingredient were weighed and their average weight was calculated. Tablets were then crushed and powdered in a mortar and pestle. A portion of the powder equivalent to 25 mg of the drug (on the label claim basis) was transferred to a 25 ml volumetric flask. The drug was dissolved in by adding 10 ml of HPLC grade water to the flask with constant stirring for 15-20 min on a magnetic stirrer. The volume was made up to the mark with HPLC grade water to prepare stock solution of 1 mg/ml. The resulting solution was centrifuged at 3000 rpm for 5 min and then filtered through 0.45 μ nylon syringe filter and the filtrate was further diluted to give the concentration of 120 μg/ml and then analyzed by the proposed method. The analysis was carried out for 6 times and the mean peak area of six such determinations was calculated. The same procedure was used to estimate the content of the drug in both the brands Ivabrad 7.5 mg and Inapure 5 mg, respectively.

To achieve sharp peak under isocratic conditions, mixtures of methanol and phosphate buffer in different combinations were tried as mobile phase on a C18stationary phase. A binary mixture of methanol and phosphate buffer (pH 6.5) in 60:40 v/v proportions was proved to be the most suitable of all combinations since chromatographic peak was better defined and free from tailing with this system. Under the above-mentioned chromatographic conditions, the retention time of 6.55±0.05 min ([fig. 1](#F1){ref-type="fig"}) was obtained for ivabradine hydrochloride.

![Chromatogram of ivabradine hydrochloride](IJPhS-72-667-g001){#F1}

The linear regression data for the calibration curves (n=4) showed a good linear relationship over concentration range 30-210 μg/ml with respect to the peak area as depicted in [Table 1](#T1){ref-type="table"}. The intraday precision and interday precision were expressed in terms of % RSD and found below 0.86 and 0.53, respectively. The results of intra and interday variation of Ivabradine hydrochloride at three different concentrations levels of 90, 120 and 150 μg/ml are depicted in [Table 2](#T2){ref-type="table"}.
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The method was found to be robust for slight changes in the organic phase of mobile phase composition (±2 %), pH (±0.2), flow rate (±0.1 ml/min) and the wavelength (±1 nm) during the development of the method. The proposed method when used for extraction and subsequent estimation of ivabradine hydrochloride from pharmaceutical dosage forms after spiking with 12, 24 and 36 μg/ml of additional drug afforded mean % recovery of 99.00 and 98.55 for Ivabrad and Inapure tablets respectively as depicted in [Table 3](#T3){ref-type="table"}.
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ACCURACY (STANDARD ADDITION METHOD)
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The absence of interfering peaks in the chromatogram suggests that the tablet excipients do not interfere with the estimation of the drug by the proposed HPLC method. Paired t-Test was applied to compare the results as depicted in [Table 4](#T4){ref-type="table"}. The system suitability parameters when compared to the standard values are within the limit. A single chromatogram was observed in the chromatogram of the drug samples from tablets. There was no interference from the excipients commonly present in the tablets. The drug content was found to be 99.38%±0.68 with a % RSD of 0.57 and 99.29±0.47 with a % RSD of 0.39 for Ivabrad (7.5 mg) and Inapure (5 mg) tablets, respectively.

###### 

SPECIFICITY
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The developed RP-HPLC method provides a convenient and efficient method for the estimation of Ivabradine hydrochloride in dosage form. There was no interference from the excipients used in the tablet formulation and hence the method is suitable for analysis of tablets. The results of validation showed that the proposed method is simple, linear, precise, accurate and selective and is employed in routine assay of ivabradine hydrochloride in tablets.
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